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(54) A method for produdng retroref lective sheeting 



(57) TTie present invention provides a method for 
producing retroreflective sfieeting useful for marking or 
the like of signs such as road signs and construction 
signs; number plates of vehicles such as nwtorcars and 
motorcycles; materials for safety such as dolhes and life 
jackets; signboards, etc., and the method is a method for 
producing retroreflective sheeting, which comprises 
embedding glass beads substantially in a monol^er in 
a temporary sipport at least one surface of which is com- 
posed of a thermoplastic resin in such a manner that at 
least part of each bead is embedded in the thermoplastic 
resin; forming a vapor-deposited metal film on the sur- 
face in which the glass beads were embedded; super- 



fxjsing thereon a thermoformaWe support film; pressing 
the resultant superposed matter under heating to emt>ed 
the vapor-deposited metal film portion of each of the 
glass beads in the support film; and peeling the tempo- 
rary support from the superposed matter in such a man- 
ner that the glass beads renr^ain in the support film, said 
method being characterized in that a thin film containing 
a coupling agent is previously formed on the vapor- 
deposited metal film of the temporary support in which 
the glass beads are embedded and on which the vapor- 
deposited metal f Om is then formed, and then the support 
film is superposed thereon. 



FIG. I 
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Description 

The present invention relates to a method tor producing retroreflective sheeting useful for marking or the like of 
signs such as road signs and construction signs; number plates of vehicles such as nrx>torcars and motorcycles; materials 

5 for safety such as clothes and life jackets; signboarcfe, etc. , 

Retroreflective sheeting which retroref lects light toward the light source have hitherto been well known, and are 
widely utilized in such utilization fiekJs mentioned above utilizing their retror^lectivity. Among them, encapsulated 
lense-type retrorefleclive sheeting, whose light-retroreflective performance is enhanced by utilizing the low refractive 
index of gas and forming a gaseous layer between a light-transmittable protective film and retroreflective glass beads. 

10 is finding yearly increasing utility because of their excellent light-retroreflective ability. 

Generally, the structure of encapsulated lense-type retroreflective sheeting is composed of, as shown in Fig. 1. a 
light-transmittable protective fOm (1) and a support film (2) facing each other through a nan-ow gaseous layer, and a 
continuous, linear binding wall (3) formed by partially, thermally fusing and deforming the support film for binding both 
of them, and retroreflective glass t>eads (6). whose almost lower hemispherical surface is covered with a vapor-deposited 

15 metal film (5). are embedded in the support film in a large number of sealed, small compartment cells (4) surrounded 
by the binding wall, in such a manner that they form a sul>s!antial monolayer and the nonreflecting part of the glass 
beads is exposed. 

As to such encapsulated lense-type retroreflective sheeting, the height of its light-retroreflective ability is desired as 
the most important fonction, and. in addition, such good weather resistance that even when it is used in a severe condition 

20 such as outdoor use. their excellent retroreflective performance can be maintained ever a long period of time, the viv- 
idness of the color of the retroreflective sheeting for heightening visibility, etc. are also required as important functions. 

The towering of retroreflective performance occurring when encapsulated lense-type retroreflective sheeting is used 
outdoors for a long perkxJ is caused, in almost all the cases, by that the sealed, small compartment cells are destroyed, 
and rainwater, etc. invade therein. Retroreflective performance is lowered, for example, by that the g^ghtness of the 

25 sealed, small compartment cells is lost, because of cracks of the protective film due to the repeats of the expansion and 
contraction of the gas in the sealed, small compartment cells accompanying the change of outdoor temperature, and 
the repeats of the expansion and contraction of the metal plate, etc. on which tfie relror^lective she^'ng is stuck also 
accompanying the change of outdoor temperature, etc.; adhesion destruction at the interface between the protective 
film and the binding wall; the destruction of the binding wall itself or the destruction of the support film itself, or the like, 

30 rainwater, etc. invade in tiie cells, and as a result, the refractive index condition in the cells, which is an inportant factor 
for the retroreflective performance, changes, or the vapor^Jeposited metal film, which is a light-reflecting film. etc. are 
deteriorated to lose tiie light reflective ability, etc. 

Among them, the binding wall binding the protective film and the support film tend to be most easily influenced by 
distortion and most easily destroyed, because of their construction, and, in fact, many cases erf the deterioration of 

35 retroreflective sheeting and tiie kswering of retroreflective performance occur due to the desti-uction of the binding wall. 
TTierefore. for improving the weather resistance of retroreflective sheeting, it is nrx)st important to form a binding wall 
having excellent strength. 

Various attempts have hitherto been made, for improving the strengtii of the tending wall, and, for exanple, it is 
proposed in Japanese Patent Publication No. 13561/1986 (= U.S. Patent No. 4.025,159; GB-B-1 .547,043) to highten 

40 the strength of the binding wall by thermally fusing and defomning the support film to form binding wall (binding part 
tissue), and then irradiating the binding wall with a radiation to crosslink the binding wall, and a typical exanple erf the 
production method is described. 

The typical example of the method for producing encapsulated-type retroreflective sheeting, disctosed in Japanese 
Patent Publication No. 13561/1986, is as follows, as described in Example 1 therein. 

45 First, a radiation-curable composition is applied onto a temporary support (composed of a polyethylene layer and 
paper) having glass beads embedded part of each of them in the polyethylene layer which is a thermoplastic polymer, 
and having vapor-deposited metallic aluminum on tiie top surface thereof, and dried to form a support layer. fs& illustrated 
in Example 10 of the said Japanese Patent Publication, it is also possible to previously form a support layer on a film 
such as a polyethylene terephthalate film, superpose it on the glass beads in the temporary support, and press the 

50 superposed matter. Then, a polyethylene terephthalate film having a pressure sensitive adhesive layer is laminated and 
stuck on the support layer, and then the temporary support is peeled to give a substrate sheet. A polymethyl methacrylate 
film, which will be a protective (covering) film, is superposed on the glass beads side of this sitetrate sheet, and the 
support layer is partially thermally fused and deformed to laminate and bind the protective film and the support layer as 
a binding wall (binding part) having network tissue. TTien, the resultant sheeting is irradiated with a radiation to cure the 

55 binding part, whereby encapsulated-type (cellular) retroreflective sheeting is produced. 

However, since, in tiie atwve-proposed method, no care is made on preverting the vapor^Jeposited metal film formed 
on the part other than the glass beads on the temporary support, from t)eing transferred on the support film, the vapor- 
deposited metal film transferred from the temporary support remains on the support film surface between tiie glass 
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beads, and therefore, many broken pieces of the vapor-deposited metal film remain in the binding wall obtained by 
thermally fusing and deforming this sipport film. 

Thus, the above-proposed method has a defect that, since the vapor-deposited metal film remaining in the binding 
wall strikingly lowers the cohesion strength of the binding wall, adhesive strength t)etween the protective film and the 

5 binding wall, etc.. retroreflective sheeting having excellent weather resistance cannot be obtained. Further, there is also 
a problem that, since the vapor-deposited metal film remaining on the support film surface between the glass beads in 
the sealed, small compartment cells gives dullness to the hue of the retroreflective sheeting, the vividness of color of 
the retroreflective sheeting is lowered. 

For improving the above defects, several attempts were also nrmde for preventing the transfer of the vapor-deposited 

10 metal film, striking inhibiting the strength of the binding wall and giving a bad influence on the hue of the retroreflective 
sheeting. For example, a method of superposing a support film on the glass beads in the temporary support and pressing 
the superposed matter, the method being characterized in that the pressing is conducted giving clearance so tfiat the 
vapor-deposited metal film on the temporary support between the glass beads and the support film may not contact, Is 
proposed in Japanese Laid-open Patent Putflication No. 121043/1987 (= U.S. Patent No. 4,897,136; EP-A-225.103). 

IS However, as to this proposed method, it is very diff tcutt to conducting the pressing so that the glass beads may be 
sufficiently embedded in the sMPport film, while enough clearance is maintained. Further, this proposed method has 
further defects that when the embedding of the glass beads in the support film is insufficient because of the change of 
the temperature condition and the pressure condition at the time of pressing, a large number of glass beads remain on 
the temporary support at the time of peeling the temporary support, and thereby strikingly poor appearance and poor 

20 retroreflective performance are caused, and on the other hand, in the case of excessive embedding, the support film 
and the vapor-deposited metal film are contacted partially or totally, and as a result, the vapor-deposited metal film is 
partially or totally transferred on the support film, and the weather resistance, hue, etc. of the resultant retroreflective 
sheeting are t>adly influenced thereby. 

Further, if, in a production step for encapsulated lens-type retroreflective sheeting, glass beads are embedded in 

25 the thermoplastic polymer layer of the temporary support while closely arranged so as to t>ecome a state of closest 
packing, the transfer of the vapor-deposited metal film can be avoided, but tiiis is sut)stantially impossible in an actual 
production step. The area on the temporary support covered with glass beads embedded is usually about 65 to 80% of 
the vk4iole temporary support surface (becoming atxxit 90% in the case of closest packing), and their distribution state 
Is Illustrated as a model in Fig. 2 and Fig. 3. 

30 Fig. 2 is a plan view showing the distribution model of glass beads (6) with which the temporary support (7) is 
covered, and as shown therein, glass beads are not uniformly distributed on the temporary sL|)port, and regions A where 
they do not exist and other regions where glass beads are comparatively closely arranged exist thereon. 

Fig. 3 is a model drawing showing the aoss section of Fig. 2, glass beads (6) are embedded in the thernrioplastic 
polymer layer (8) of the temporary support (7), and a vapor-deposited metal film (5) is formed on the atxxjt hemispherical 

35 surface of each of the glass beads and the temporary support. As Is the case with Rg. 2, regions A where glass beads 
do not exist and other regions where glass beads are comparatively closely arranged exist on the temporary support. 

Fig. 4 is a nxxJel drawing showing the cross section of a laminate formed by superposing a support film (2) on glass 
beads (6) of the temporary support, and heating and pressing the resultant superposed matter. 

As apparent from Rg. 4, even if the pressing Is conducted maintaining some clearance so that the support film (2) 

40 may not contact with the vapor-deposited metal film (5) on the temporary support, the support film (2), in the region A, 
easily contacts with the vapor-deposited metal film (5) on the temporary support, and there is a large possibility that 
w^hen the temporary support is peeled, the vapor-deposrted metal film at the part of tiie region A is transferred onto the 
support film. 

It is conducted, in actual industrial production of encapsulated lense-type retroreflective sheeting, to continuously 
45 produce a laminate from a long temporary support and a support film, once take it up In a roll state and temporarily store 
It. and then provide it for steps of or after the peeling of the temporary support. In this occasion, by influence of pressure, 
etc. of tiie taken up roll (particularty, at the part nearer to the core of the roll), contact between the support film and the 
vapor-deposited metal film occurs even at parts where clearance between gl^ beads is comparatively narrow (for 
example, region B In Fig. 4), and as a result, a large amount of the vapor-deposited metal film Is transferred onto the 
50 support film side, arxj becomes a cause of increase of inferior products occurrence ratio. 

Therefore, it is actually difficult to efficiently obtain a support film free of transfer of the vapor-deposited metal film 
by the method disclosed in Japanese Laid-open Patent Publication No. 121043/1987 (= U.S. Patent No. 4.897,136; EP- 
A-225.103) comprising superposing and heat-pressing the support film and the temporary support, while maintaining 
clearance. 

55 In order to repair such defects, tiiere is proposed in Japanese Laid-open Patent Publication No. 194405/1985 (= 
U.S. Patent No. 4.653.854; GB-A-2, 156,274) anotiier method so as to perfectly avoid the contact between the support 
film and the vapor-deposited metal film, in which method there Is further provided a thin layer of polymer having com- 
paratively good adhesive sti^ength to both the temporary support and tiie vapor-deposited metal film but having com- 
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paratively weak adhesive strength to the support film, on the surface of the temporary support on which glass beads 
are embedded and on which a vapor-deposited metal film is formed. 

It is possible without fail to perfectly avoid contact between the support film and the vapor<leposited metal film, by 
using this method. Howe^^er. in general, a polymer capable of forming polymer thin layer has better adhesive strength 

5 to the support film containing the same or different kind of a polymer than to the vapor^eposited metal film on the 
temporary support, and therefore, it is actually extremely difficult to select a polymer having comparatively good adhesive 
strength to the temporary support and the vapor-deposited metal film but having comparatively weak adhesive strength 
to the support film, suggested in the above proposal. Any specific example of such polymers is not given at all In Japanese 
Laid-open Patent Publication No. 194405/1985 (= U.S. Patent No. 4,653,854; GB-A-2, 156,274). 

w The present inventors formed polymer thin layers using several polymers, and checked the transfer property of the 
vapor-deposited metal film, but there is a case where the polymer thin layer is transferred, with attachment of the vapor- 
deposited metal film, onto the support film side, and thus the above-proposed method is yet insufficient as a method for 
preventing the vapor-deposited metal f Bm from being transfenred onto the support film. 

The main object of this invention is to develop a method for surely preventing the vapor-deposited metal film on the 

IS temporary support between the glass beads from t>eing transfen-ed onto the support film, and thereby provide a method 
for producing superb retroref lectrve sheeting excellent in fong-term weather resistance and having vivid color, particularly 
encapsulated lense-type retroref leclive sheeting wherein vapor-deposited metal film pieces are not remaining in the 
binding wall and on the support film between the glass beads in the sealed, small compartment cells. 

The present inventors had made various, sequential researches into a method for producing retroref lective sheeting 

20 meeting the above ol>jects, arKf as a result, they now found that excellent retroref lective sheeting free of the defects of 
the above prior art can t>e obtained by previously applying liquid matter containing a coupling agent on the vapor-depos- 
ited metal film on the temporary support where glass beads are embedded and a vapor-deposited metal film is formed, 
arxj drying the applied liquid matter to fomri a thin film containing the coupling agent, and completed the present invention. 
TTius. according to the Inventfon is provided a method for producing retroref lective sheeting, which comprises embed- 

25 ding glass beads substantially in a nrwnolayer in a tenporary support at least one surface of which is corrposed of a 
thermoplastic resin in such a manner that at least part of each bead is embedded In the thernnoplaslic resin; forming a 
vapor-deposited metal film on the surface in which the glass beads were embedded; superposing thereon a thermofor- 
mable support film; pressing the resultant superposed matter under heating to embed the vapor-deposited metal film 
portion of each of ttie glass beads in the support film; and peeling the temporary support from the superposed matter 

30 in such a manner that the glass beads remain in the support film; and, if necessary, superposing a light-transmittable 
protective film on the exposed glass beads of the resultant support film in which the glass beads are embedded and 
partially thermally deforming the support film to form a large number of sealed, small compartment cells, between the 
support film and the light-transmrttable protective film, surrounded by a continuous, linear wall which binds both these 
films, said method being characterized in that a thin film containing a coupling agent is prevfously formed on the vapor- 

35 deposited metal f Hm on the temporary support In which the glass t>eads are en*edded arxl on which the vapor-deposited 
metal film is then formed, and then the support film is superposed thereon. 

Ttie mettxxl for producing retroreflective sheeting according to the invention Is further detailedly described below. 
TTie attached drawings are briefly described below. 

Rg. 1 is the cross section of encapsulated lense-type retroreflective sheeting. 
40 Fig. 2 is a plan view showing ttie distribution nrxxJel of the glass beads witti which the temporary support is covered. 
Rg. 3 is a model drawing shewing the cross section of Rg. 2. 

Rg. 4 is a model drawing showing the cross section of the laminate formed by superposing the support film on the 
glass beads of ttie tenrporary support, and heating and pressing the resultant superposed matter. 

"FTie method of the invention has its large characteristic in the point that a coupling agent-containing tiiin film is 
45 previously formed on ttie temporary support where glass beads are embedded and a vapor-deposited metal film is 
formed on the whole top surface. In such a manner that the vapor-deposited metal film is covered tiierewith. and thereby, 
the vapor-deposited metal film Is made not to k>e transferred onto the support film side, even if, thereafter, the support 
film and the vapor-deposited metal film on tiie temporary support contact. 

The coupling agent to be used in this invention can be a usual coupling agent generally used as a modifier of 
50 interface, for example, for chemically lx>nding together an inorganic material and an organic material, or different organic 
materials each other, and includes, for example, silane coupling agents, titanate coupling agents, aluminum coupling 
agents and zircoaluminum coupling agents. More specifically, those exemplified below can be used. 
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(1) Silane coupling agents: 

Compounds represented by the general formula 

I (I) 

4-„ 



wherein represents a hydrolyzaWe group [for example, an alkoxy groiqj {e.g., a methoxy group, an ethoxy group, a 
2-methoxyethoxy group, a 2Hnethaxy-2-ethoxyethoxy group, etc.), an acetoxy groups a chlorine atom, etc., a methoxy 
group is particularly preferrecQ, 

repr esents an organic functional group reacting with an organic matrix [lor example, a vinyl group, a (meth)acry- 
loyloxy group, an epoxy-containing group (e.g., a glycidoxy group, an epoxycydohexyl group, etc.), a nrtercapto group, 
an amino group, an ureido group, a chlorine atom, an imidazdyl group, a cyano group, etc. , preferably a (meth)acryloylQxy 
group or an epoxy-containing group], 

represents a nonhydrolyzaWe group [for exanrple, a metfiyl ^oup, etc.], 
Ri represents a single bond or an alkylene group such as an ethylene ^oup or an n-propylene group, preferal)ly 
an n-propylene groi4), and 
n is 2 or 3, 

for example, 3-chloropropyltrimethoxysilane, 3-methacryIoyloxyprcpyltrimethoxysilane. 3-glycidoxypropyltrimethoxysi- 
lane, 3-mercaptcpropyrtrimethaxysilane, 3-aminopropy!trimethoxysilane, N-methyl-S^minopropyltrimethoxysilane. N- 
(2-aminoethyl)-3-aminopropyltrimethoxysilane. N-[2-(N-2-aminoethyl)aminoethyl]-3-aminopropyttrimethoxysiIane, 3- 
ureidopropyftrlmethoxysilane, N-phenyl-3-aminopropyltrimethoxysilane, 3-(4,5-dihydroimidazolyl)propyltrimethoxysi- 
lane, 3-aminopropyltrls(2-melhoxy-2-ethoxyethoxy)silane, N-(2-aminoethyl)-3-aminopropylmethyldimethQxysilane, 3- 
chloropropylmethyldimethoxysilane, S-methacryloyloxypropylmethykJimethoocysilane, 3-mercaptopropylmethyldimeth- 
oxysilane, 3-glycidQxypropylmethyldimethaxysilane, 3-chloropropylmethyldiethoxysilane. 3-aminopropyImethyldiethox- 
ysilane, 2-(3,4-epaxycyclohexyI)ethyttrimethoxysilane, vinyltrimethoxysilane, vinyltriethoxysilane. 3- 
chloroproR/ttriethoxysilane, 3-mercaptopropyltriethoxysilane, 3-aminopropyltriethoxysilane, 3-ureidcpropyttrielhoxysi- 
lane, 3-cyanopropyltriethoxysilane. vinyltris(2-methoxyethoxy)silane, vinyltriacetoxysilane, vinyltrichlorosilane. 3-chIoro- 
propylmethyldichlorosilane, octadecyl[3-(trimethaxysilyl)propyl] ammonium chloride and N-[2-(N- 
vinyIbenzyl)aminoethyl]-3-aminopropyttrimethoxysilane hydrochloride, etc. 

(2) Titanate coupling agents: 

2-1) Conrpounds represented by the general formula 

X2p--n-Y2(4.p) (I,) 

wherein xz represents a hydrolyzaWe group [for example, an alkoxy group (e.g., a methoxy group, an ethoxy group, 
an n-propoxy group, an isopropoxy group, an n-butoxy group, an isobuloxy group, a sec-butoxy group, a tert-butoxy 
group, etc.), an acetoxy group, etc. , or when p is 2, a group wherein two X2 groups are combined (e.g-. an oxyaceloxy 
group, an cxyethoxy group, etc.), preferably, an isopropoxy group, an oxyacetoxy group, an oxyethoxy group, etc., 
particularly preferat)ly, an isopropoxy group], 

Y2 represents an organic groip having affinity for or reactivity with an organic matrix [for example, an acyloxy 
group (e.g., a (meth)acryloytoxy group, an octanoyloxy group, a lauroyloxy group, an oleoylcxy group, a stearoyioxy 
group, an Isostearoyloxy group, etc.), an aryloxy group (a p-cumylphenoxy group, etc.), an arylsuHonylcxy group (a 
dodecylbenzenesuHonyloxy group, etc.). an alkylphosphonoxy group (e.g., a dioctylphosphonoxy group, a dioctyipy- 
rophosphonoxy group, etc.). an amino group-containing group (e.g., a 2-N-(2-aminoethyl)anftinoethoxy group), etc.], 
and 

pis 0.5 to 2, 

for example, isopropyl trioctanoyi titanate, isopropyl triisostearoyi titanate, isopropyl diacrytoyi isostearoyi titanate, 
isopropyl dimethacryloyi isostearoyi titanate, isopropyl tris(dodecylbenzenesulfonyl) titanate, Isopropyl tris(p-cumyl- 
phenyl) titanate. isopropyl tris[2-N-(2-aminoetiiyl)aminoethyl] titanate, isopropyl tris(dioctylphosphono) titanate. iso- 
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propyl tris(dioctylpyrophosphono) trtanate, bis(dioctylpyrophosphono) cartwnylinethylene tilanate, bis{p- 
cumylphenyl) cartxwiylmethylene titanate, diisostearoyl ethylene titanate. bis(dloctylpyrophosphono) ethylene titan- 
ate, etc. 

2-2) Compounds represented by the general formula 



Y3 
X3-Ti ^ 



OH 



(III) 



wherein X3 represents a hydroly2at)le group [for example, an alkoxy group or substituted alKoxy groip such as a 
methoxy group, an ethoxy group, an n-propoxy groip. an isopropoxy group, an n-butoxy group, an isotxitoxy group, 
a sec-butoxy group, a tert-butoxy group, a 2-methoxyethoxy group, a 2-ethoxyethaxy groip. a 2-butQxyethoxy group, 
a 3-methoxypropoxy group, a 2-methoxy-2-ethoxyethQxy group or a 2-methoxy-2-ethoxy-2-ethoxyethoxy group], 

Y3 represents an organic group having affinity for or reactivity with an organic matrix [for exanple, an alkoxy 
group or substituted alkoxy group (e.g., an n-hexylcocy group, a 2-hexylaxy group, an n-octyloxy group, an isooctyloxy 
group, a tridecyloxy groip, a stearyloxy group, a 2.2<liallyiQxymethyl-1-butaxy groups etc.). an aryloxy group (e.g.. 
a phenoxy group, a methoxyphenoxy group, etc.), a haloalkoxy group or haloaryloxy group (e.g., a bromomethoxy 
group, a chtoroethoxy group, a chlorophenoxy group, etc.), etc.], 

Z2 represents, for example, an alkcxy group (e.g., a methoxy group, an ethoxy group, an n-propoxy group, 
an isopropoxy group, an n-butoxy group, an isobutoxy group, a sec-butoxy group, a tert-butoxy group, an n-hexyloxy 
group, an n-octyloxy group, an isooctyloxy group, a decyloxy group, a lauryloxy group, a tridecyloxy group, a steary- 
toxy group, etc.), a substituted alkoxy group (e.g., a 2-methoxyethoxy group, a 2-ethoxyethoxy group, a 2-butox- 
yethoxy group, a 3-methoxypropoxy group, a 2-methoxybutoxy group, a 2-methoxy-2-ethoxyethoxy group or a 2- 
methoxy-2-ethQxy-2-ethQxyethoxy group, etc.), an arytoxy group (e.g. . a phenoxy group, a tolyloxy group, a xylyloxy 
group, cresyloxy group, a cumylphenoxy group, a methoxyphenoxy groip, etc.), an aralkyloxy group (a benzyloxy 
group, etc.). a haloalkoxy group or hatoaryloxy group (e.g., a bromomethoxy group, a chloroethoxy group, a 3- 
chloropropoxy group, a 2-chlorotrklecyloxy group, a chlorophenoxy group, 2.4<libromophenoxy group, etc.), etc., 
and 

misOto4, 

for example, tetramethyl tMs(diphenyl phosphrte)titanate. tetraethyl bis(dibenzyl phosphite)titanate, tetraisopropyl 
bis(dioctyl phosphite)titanate. tetraisopropyl bis(dilauryl phosphite)titanate, tetraisopropyl bis[di(melhoxyphenyl) 
phosphiteltrlanate, tetraisopropyl bis[di(cumylphenyl) phosphitejtitanate, tetraisolxityl bis(ditolyl phosphlte)titanate, 
tetra-tert-butyl bis(dixylyl phosphite)titanate, tetrahexyl bis(dilauryl phosphite)titanate, tetraoctyl bis(dioctyl phos- 
phite)titanate, tetraoctyl bis(dilauryl phosphite)titanate, tetraoctyl bis(ditridecyl phosphite)titanate, tetraoctyl bis(dicr- 
esyl phosphite)titanate. tetra(3-methQxypropyl) bis(dioclyl phosphite)titanate, tetra(2-methoxy-2-ethoxyethyl) 
bis[di(2-chlorotridecyl) phosphitejtitanate. telra(2-methoxy-2-ethoxy-2-ethoxyethyl) bis(dicresy|phosphrte) titanate, 
tetra(2-butoxyethyl) bis(di-3-chloropropyl phosphite)titanate. tetra[(2.2-diallyloxymethyl)butyl] bis(ditridecyl phos- 
phrte)titanate, methyl hexyl(2-ethoxyettyl)isooctyl bis[(2,4KjibromophenyO n-hexyl phosphitejtitanate. tetraphenyl 
bis(dibutyl phosphite)titanate, dimethyl diphenyl bis(diisopropyl phosphite)titanate. tetra(methoxyphenyl) bis(dibutyl 
phosphrte)titanate. tetra(chloroethyl) bis(octyl decyl phosphite)titanate, tetra(chlorophenyO bis(dilauryi phos- 
phite]titanate. tetra(bromomethyl) bis[(di(methoxybutyl) phosphitejtitanate. etc. 
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(3) Aluminum coupling agents: 

Compounds represented by the general formula 



10 



Al ^CH 

^ (2-q) 0 = C. 



(IV) 



15 

wherein X4 represents a hydroxy! group or a hydrolyzaWe group [for example, an alkoxy group such as a methoxy group, 
an elhoxy group, an n-propoxy group, an isopropoxy group, an n-butoxy group, an isotxjtaxy group, a sec-buloxy groifla 
or a tert-butoxy group, elcj, 

Y4 represents an organic group having affinity for or reactivity with an organic matrix [for example, an acyloxy 
20 group {e.g., a (meth)acryioyloxy group, an acetoacetoxy group, an octanoyloxy group, a lauroyloxy group, an oleoyloxy 
group, a stearcytoxy group, an isostearoyioxy group, a 1-amino-(N-lauroyloxy)propionytoxy group, etc.). an alkoxysuHo- 
nyloxy group (e.g.. laurytoxysuHonyloxy group, etc.). an alkylsutfonytoxy group (e.g., a melhylsuHonyloxy group, etc.). an 
arylsulfonyloxy group (ag.. a dodecylbenzenesuHonyloxy group, etc.). an alkylphosphoncocy group (e.g.. a dibutyl- 
phosphonoxy group, a dioclylphosphonoxy group, a dioctylpyrophosphonoxy group, etc.), etc.], 
25 Z3 represents, for exarrple. an alkyi groip (a methyl group etc.). an aryl group (a phenyl group etc.), etc., 

Z4 represents, for example, an alkyI group (a methyl group etc.), an alkoxy group or alkenyloxy groip (e.g., an 
ethoxy group, a lauryloxy group, a stearyloxy group, an oleyloxy group, etc.). a substituted amino groip (e.g.. ari N- 
stearyl amino group, etc,), etc., and 

qis0.5to2. 

30 for example, diisopropylate aluminum oleylacetoacetate. isopropylate acrylate aluminum oleylaceloacetate, isopropylate 
acetoactate aluminum oleylacetoacetate. isopropylate dibutyl phosphate aluminum oleylacetoacetate. isopropylate dib- 
utyl pyrophosphate aluminum oleylacetoacetate, isopropylate dodecylbenzene sulfonate aluminum oleylacetoacetate. 
isopropylate lauryl sulfate aluminum oleylaceloacetate. etc. 

35 (4) Zircoaluminate coupling agents: 

Compounds represented by the general formula 



40 



45 



HO 



(V) 



O-Al. 



\0H 



wherein Ys represents an organic group having affinity for or reactivity with an organic matrix [for exanple. an amino 
group, a cartwxyl group, a (methjaayloyloxy group. 1 - mShyivinyl group, a mercapio group, an acyloxy groups a dodecyl 
group, etc.], and 

R2 represents a single l)ond or an alkylene group of Ci to Ci8 [for exaitple, an ethylene group, an n4xitylene 
group, an n-dodecylene group, etc.], tor example, 2-aminopropionyl zircoaluminate, 2-cartx)xypropionyl zircoaluminate. 
myristoyi zircoaluminate. methacryloyi zircoaluminate. 2-mercaptopropionyl zircoaluminate. etc. 

TTiese coupling agents can be used alone or in comkHnata'on of two or more. Silane coupling agents are particularly 
prefen-ed. 



7 



EP0 693 697 A2 



Formation of a coipling agent-containing thin film on the vapor-deposited metal film on the temporary support Is 
not particularly limited, and can be conducted according to a method known per se, but, in general, a method of applying 
liquid matter containing a coupling agent can be used. 

As to the liquid matter containing a coupling agent, the coupling agent can be used as such, when the coupling 
agent itsetf is liquid matter having film formation ability, or can be used after being dissolved or dispersed in an appropriate 
solvent. It is prefen-ed to use the coupling agent and a resin together because the resultant coupling agent-containing 
thin film usually becomes tougher. 

As usable resins therefor, there can be mentioned those having good weather resistance, for exanple. acrylic resins, 
polyester resins, polyurethane resins, fluorine-containing resins, etc.. and these can be used alone or as a Wend of two 
or more. 

The use amount of these resins can be varied according to the kind of coupling agent, the kind of resin, etc., but 
when it is desired to give toughness to coupling agent-containing thin film to be formed, it Is generally suitable to use 
the resin at an amount in the range of 0.01 to 20 weight parts, preferably 0.05 to 15 weight parts, further preferably 0.1 
to 12 weight parts. nrx>st preferably 10 weight parts or less based on 100 weight parts of the coupling agent. 

The viscosity characteristic of the coupling agent-containing liquid matter is not particularly limited so long as it is 
liquid capable of being applied, but it is, usually. suitat>le to adjust its viscosity using a diluent such as a solvent appro- 
priately, formaking the control of the thickness of thin film to be formed easy, so that its viscosity at 23°C may be in the 
range of 1 to 1 .000 cP, preferably 1 to 500 cP. 

The coating method for the above coupling agent-containing liquid matter is also not particularly limited, and various 
methods known per se. for example, coating methods such as spray coating methods, gravure coating methods, bar 
coating methods, roll coating methods can be adopted. 

When a volatile substance such as a solvent is used for preparation of the liquid matter, a usual operation such as 
evaporating the volatile substance to dry the coating film can be added after the coating. Further, the film formed can 
be subjected to heating treatment at temperatures, for example up to about 1 00*C. depending on the used coupling agent. 

The thickness of the thus formed coipling agent-containing thin film is not particularly limited, and can widely be 
varied In accordance with the kind and amount of the coipling agent or resin used together, etc., but It is usually preferred 
in view of the assurance of thin f flm forming, easiness of operations, etc. to make the thickness, on average, in the range 
of about 0.01 to about 5 jim. nfx>re preferatrfy about 0.05 to alx>ut 3 fim. particularly 0. 1 to about 1 \im. 

The production of the relroreflective sheeting of the invention can be conducted using materials and methods so 
far known, for example, materials and methods disclosed in Japanese Patent Publication No. 7870/1965 (= U.S. Patent 
No. 3,190.178: GB-B-1 .01 7.060). Japanese Patent Publication No. 13561/1986 U.S. Patent No. 4.025.159; GB-B- 
1,547.043), Japanese Laidopen Patent Publication No. 194405/1985 U.S. Patent No. 4.653.854; GB-A-2, 156.274). 
etc.. except that after glass beads were partially embedded as a substantial monolayer in a tenporary support at least 
one surface of which was composed of a thermoplastic resin, and a vapor-deposited metal film was fonned on the 
surface where the glass beads are embedded, according to usual methods, respectively, a coupling agent-containing 
thin film is formed on the vapor-deposited metal film, as described akxjve. according to the invention. 

/\n example thereof is described t>elow. 

Rrst, glass beads having a refractive index of the order of about 1 .7 to about 2.0 and an average particle size of 
the order of 20 to 150 ^m are embedded in a temporary support such as process paper having a thermoplastic resin 
such as a polyethylene resin as a surface layer in such a manner that about 1/3 to about 1/2 of the diameter of the glass 
beads is embedded in the thermoplastic resin surface layer, and a metal such as aluminum is vacuunvdeposited on the 
exposed glass beads side of the temporary support to cover the about hemispherical surface of the glass beads with 
the vapor^Jeposited metal film. Then, liquid matter containing a coiipling agent is applied onto the vapor-deposited metal 
film surface, and, if necessary, dried to form a coupling agent-conteining thin film. Then, a support film formed on a 
process base material such as a polyethylene terephthalate process film, and the temporary support are superposed 
in such a nnanner that the support film and the glass beads on which the vapor-deposited metal film and the coupling 
agent-containing thin film were formed face each other, and the resultant superposed matter is pressed under heating 
until about ^^2 to about 1/3 of the diameter of tiie gfass beads is embedded In the support film. It causes no hindrance 
if the sifjport film is contacted with the coupling agent-containing thin film on the temporary support, but it is of course 
possible to conduct tiie pressing maintaining some clearance so as not to contact them. 

Then, the temporary support is peeled, a light-transmittable protective film such as an aaylic film is superposed on 
the exposed gfass beads surface on the support film, and the support film is partially deformed under heating using, for 
example, an embossing roll having continuous, linear projections to bind the prrtective film and the support film tiirough 
the resultant continuous, linear binding wall. 

/Vs stated above, the invention provides a method for producing retroref lective sheeting, which conprises partially 
embedding glass beads, so as to be substantially a monolayer, in a temporary support at least one surface of which is 
composed of a thermoplastic resin, forming a vapor-deposited metal film on the surface where the glass beads were 
embedded, and then forming a coupling agent-containing tNn film on the vapor-deposrted metal film, whereby even if 
the support film and the vapor-deposited metal film on the ten^rary support are contacted, transfer of the vapor- 
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deposited metal film onto the support film can be prevented, and thereby retroref lective sheeting excellent in adhesive 
strength between the protective film and the binding wall, and vividness of cobr, etc. , and capable of maintaining excellent 
retroreflectivG performance for a long period can be produced without requiring complicated operatbn steps therefor. 
The invention is further specifically described below according to examples and comparative exarrples. 

5 

Example 1 

A temporary support obtained by laminating polyethylene having a softening temperature of about 105*C on paper 
was healed to about 105'*C. glass beads having an average particle size of about 65 fim and a refractive index of about 
10 1 .91 were dispersed thereon uniformly and closely in a monolayer, and pressing was applied thereon using a nip roll to 
embed the glass beads in the polyethylene by about 1/3 of their diameter. 

Thereafter, aluminum was vacuum-deposited on the side of the tenporary support where the glass beads were 
exposed to form a vapor^jeposited metal film about 0. 1 jim thick on al most the half spherical surface of the glass beads. 
Then, silane coupling agent liquid matter having a vfecosrty at 23"C off about 2 cP (*) (produced by Toray Dow 
15 Ck>rning Silicone Co. , Ltd, trade name SZ6030) was applied on the vapor-deposited metal film on the tenporary support 
where the vapor-deposited metal film was formed to form a coupling agent-containing thin film about 0.3 nm thick. 
(*) main componerrt: 3-methacryloxypropyltrimethoxysilane 

^ CH^ =C-C00CH2 ^^2 ^^2 ^^^^3 ^3 

CH3 

25 

Then, the surface of a polyethylene terephthalate film of 20 ^un tNck on which peeling treatment had been made 
was coated with a conposition comprising 100 weight parts of an acrylic resin solution having a solid content of about 
50% by weight (produced by Tokushu Shikiryo Kogyo Co., Ltd.. trade name ST-700) and 14.2 weight parts of a hexam- 
ethylene diisocyanate type crosslinking agent having a solid content of about 75% by weight, and the solvent was 

30 renroved to give film-like matter alx>ut 30 fim thick. Thereon was applied a dispersion obtained by mixing under stirring 
1 67 weight parts of an acrylic resin solution having a solid content of about 30% by weight (produced by Nippon Carbide 
IndiKfries Co., Inc., trade name KP-1684A), 125 weight parts of an aaylic resin solution having a solid content of about 
40% by weight (produced by Nippon Cart>ide Industries Co., Inc., trade name KP-1703A). 10 weight parts of cellulose 
acetate butyrate, 50 weight parts of rutile-type titanium dioxide and 30 weight parts of methyl isobutyl ketone, and the 

35 solvent was removed to give a support film having a total thickness of atkout 1 1 0 ftm. 

This sipport film was superposed on the previously made glass beads on the temporary support on which beads 
the vapor-deposited metal film and the coupling agent-containing thin film were formed, and the superposed matter wras 
pressed at a linear pressure of 900 kg/m under heating to 70"C to embed about 1/3 of the glass beads in the support film. 
TTie resultant laminate sheet was wound up by about 500 m on a paper lube having an inner diameter of about 75 

40 mm and an outer diameter of about 95 mm at a winding tension off 40 kg/m. and, then, the sheet was left alone at room 
temperature for 20 days so that the crosslinking reaction off the support film might be sut>stantially completed, and. 
thereafter, the sheet was unwound. Then, the polyethylene laminate paper, i.e.. the temporary support, was peeled offf 
so that the glass beads might be transferred to the sipport film. The transfer ratio of the vapor<leposited metal film onto 
the resultant support film in which the glass beads were embedded was as shown in the later-described Table 1. 

45 Then, a nonwiented acrylic film having a thickness of 75 fim and a whole light transmittance of about 93% was 
superposed on the support film on which the glass beads were transfened in such a manner that the glass beads and 
the acrylic film faced each other, and while the resultant siperposed matter was passed through between a metal roll 
having network projections having a line width of about 0.3 mm and a surface temperature of about 190'C and a rubber 
roll having a surface temperature of about 60*C in such a manner that the acrylic film side was contacted with the rubber 

50 roll, the metal roll was pressed on the peeling-treated polyethylene terephthalate film side to conduct partial thermal 
fusion deforming. 

The peeling-treated polyethylene terephthalate film was removed from the resuHant thermal fusion deforming matter, 
and an acrylic pressure sensitive adhesive (produced by Nippon Carbide Industries Co.. Inc.. trade name KP-997) about 
40 ^im thick formed on a silicone-lreated polyethylene terephthalate peeling film aljout 75 pan thick was laminated on 
55 and stuck to the resultant thermal fusion deforming matter In such a manner that the support film and the pressure 
sensitive adhesive were contacted, vtfhereby retroreflective sheeting was produced. 

The performance of the resultant encapsulated lens-type retroreflective sheeting is as shown in the later-described 
Table 1 . and the retrorrflective sheeting produced by the production method of the inventfon was excellent in vividness 
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of color, and, even in the severe weathering test, exhibited only a low lowering ratio of retroref lective performance, was 
almost free of the peeling of the protective film, and thus had excellent characteristics. 



Example 2 

Retroreflective sheeting was produced in all the same manner as in Example 1 except that liquid matter having a 
viscosity at 23*'C of alxxit 1 .5 cP produced by mixing 17 weight parts of the same silane coupling agent as used in 
Example 1 (trade name SZ6030) with 1 weight part of an acrylic resin solution having a solid content of about 1% by 
weight (an ethyl acetate solution of an acrylic copolymer having a weigtit average molecular weight off atxxjt 300,000 
obtained by ccpolymerizing 54% by weight of ethyl acrylate with 46% by weight of methyl methacrylate), was applied, 
and a coupling agent-containing thin film was formed by drying of 3 minutes at 90''C. 

The transfer ratio of the vapor-deposited metal fflm onto the resultant support film and the performance of the 
obtained encapsulated lens-type retroreflective sheeting were as shown in the later-described Table 1 , and the retrore- 
flective sheeting produced by the production method of the invention was excellent in vividness of color, and, even in 
the severe weathering test, exhibited only a low lowering ratio of retroreflectivje performance, was almost free of the 
peeling of the protective film, and thus had excellent characteristics. 

Example 3 

Retroreflective sheeting was produced in all the same nr^nner as in Exarrple 2 except that aluminum coppling agent 
liquid matter (*) (produced by AJIN0M07D CO.. INC.. trade name Plenact AL-M) was used in place of the silane coupling 
agent. 

(*) Main component: acetoalkoxy aluminum diisopropylate 



CH. 



CH3-CH-0\ / 
Al 

CH3-CH-O/ X 
I 

CH3 



O-C-CH3 
0=C-OR 



The performance of the resultant encapsulated lens-type retroreflective sheeting is as shown in the later- 
described Table 1 . and the retroreflective sheeting produced by the production method of the invention was excellent in 
vividness of color, and. even in the severe weathering test, exhibited only a low lowering ratio of relror^lective perform- 
ance, was alnrost free of the peeling of the protective film, and thus had excellent characteristics. 

Ex^mplfi 4 

Retroreflective sheeting was produced in all the same manner as in Example 2 except that titanate coupling agent 
liquid matter having a viscosity at 23^C of about 20 cP (*) (produced by AJINOMOTO CO,. INC., trade name Plenact 
KR46B) was used in place of the silane coupling agent. 

n Main component: tetraoctyl bfe(ditri decyl phosphite)titanate 

(C8Hi70)4TlIP(OCi3Hz7)20H]2 

The transfer ratio of the vapor-deposited metal film onto the resultant support film and the performance of the 
obtained encapsulated lens-type retroreflective sheeting were as shown in the later-described Tatrfe 1 , and the retrore- 
flective sheeting produced by the production method of the invention was excellent in vividness of color, and, even in 
the severe weathering test, exhibited only a low lowering ratio of retroreflective performance, was almost free of the 
peeling of the protective film, and thus had excellent characteristics. 
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Example 5 

Retrorefleclive sheeting was produced in all the same manner as in Example 1 except that a coupling agent-con- 
taining thin film was fbnned In the same manner as in Example 2; the acrylic resin components for the support film of 
Example 1 were changed to 1 00 weight parts of an acrylic resin solution having a solid content of about 50% by weight 
(produced by Tokushu Shikiryo Kogyo Co.. Ltd., trade name ST-700) and 14.2 weight parts of a hexamethylene diiso- 
cyanate type crosslinking agent having a solid content of about 75% by weight, and 100 weight parts of an acrylic resin 
solution having a solid content of about 50% by weight (produced by Nippon Carbide Industries Co., Inc.. trade name 
KP-1821 A). 10 weight parts of cellulose acetate butyrate. 15 weight parts of rutile-type titanium dioxide and 10 weight 
parts of a hexamethylene diisocyanate type crosslinking agent having a solid content of about 75% by weight; and the 
superposed matter was pressed at a linear pressure of 900 kg/m under heating to 85*'C so that about 1/2 of the glass 
beads might be embedded in the support film. TTien, the obtained laminate sheet was left alone at ordinary tenperature 
for 4 days so that the crosslinking reaction of the support film might process by about 40% to give embossing suitability, 
and, thereafter, the sheet was unvround. Then, the polyethylene laminate paper, i.e.. the tenporary support, was peeled 
off so that the glass beads might be transferred onto the support film. 

The transfer ratio of the vapor-deposited metal film onto the resultant support film and the performance of the 
obtained encapsulated lens-type retroreflective sheeting were as shown in the later-described Table 1. and the retrore- 
f lective sheeting produced by the production method of the inventbn was excellent in vividness of color, and, even in 
the severe weathering test, exhibited only a low lowering ratio of retror^lective performance, was almost free of the 
peeling of the protective film, and thus had excellent characteristics. 

Comparativ e example 1 

Retrorefleclive sheeting was produced in all the same manner as in Example 1 except that the coupling agent- 
containing thin film was not formed. 

Tlie transfer ratio of the vapor-deposited metal film onto the resultant support film and the performance of the 
obtained encapsulated lens-type retroreflective sheeting were as shown in the later^escribed Table 1 . and the retrore- 
flective sheeting was inferior in vivklness of color, and, in the weathering test, exhibited a large lowering ratio of retro- 
reflective performance and the peeling of the protective film, and thus had inferior characteristics. 

Comparative example 2 

Retroreflective sheeting was produced in all the same manner as in Exanrple 2 except that the acrylic resin solution 
mixed with the coupling agent in Example 2 was used alone to form a polymer thin film in place of the coupling agent- 
containing thin film. 

The transfer ratio of the vapor-deposited metal film onto the resultant support film and the performance of the 
obtained encapsulated lens-type retroreflective sheeting were as shown In the later-described Table 1. and the retrore- 
flective sheeting was inferior in vividness of color, and. in the weathering test, exhibited a large lowering ratio of retro- 
reflective performance and the peeling of the protective film, and thus had inferior characteristics. 

Further, as to retroreflective performance, the retrorefleclive sheeting was inferior at the angle conditions of an 
incident angle of 40** and an observation angle of 0.2** . 

Measuring methods on the tests used in Table 1 were as follows. 

(1) Average thickness of thin film 

The average thickness of a coupling agent-containing thin film or a polymer thin film was calculated according to 
the following calculation equation. 



A X 



Average thickness of thin film (nfn) = 



100 



B X 0 



A : Weight (g) of liquid matter applied 

B : Area (mz) of place where liquid matter was applied 
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C : % by weight of volatilization residue in liquid matter 
D : Specific gravity of volatilization residue 

(2) Evaluation of transfer area ratio of aluminum vapor^eposited metal film onto support film 

The laminate of the support film and the polyethylene laminate paper as a temporary support left alone at room 
temperature for a certain period was unwound while peeling the temporary support, and cut out at the spot of about 5 
m from the temninal of the unwound roll of the resultant support sheeting to which the glass beads were transferred, and 
the support film area where glass beads were not embedded and the aluminum vapor-deposited metal film transfer area 
were determined under a microscope of a magnification of 200-fbld using a picture processing apparatus (produced by 
OLYMPUS OPTICAL CO.. LTD., Model VM-30), tiie transfer area ratio of the aluminum vapor-deposited metal film onto 
the support film was calculated according to the following equation, and the transfer area ratio was evaluated according 
to the following criterion . 

Aluminum vapor-deposited metal film 
transfer area 

X 100 



Support film area where glass beads 
20 were not embedded 



25 1 : Transfer area ratio of vapor-<Jeposited metal film onto the support film 
under 1% 

2 : Transfer area ratio of vapor<leposited metal film onto the support film 

1 - under 30% 

3 : Transfer area ratio of vapor-deposited metal film onto the support film 
30 30 -under 60% 

4 : Transfer area ratio of vapor-<Jeposrted metal film onto the support film 
60 -under 90% 

5 : Transfer area ratio of vapor-deposited metal film onto the support film 
90% or more 



(3) Retrore#lective performance 



The resultant retrordlective sheeting was unwound, and the refroreflective performance of the resultant retroref lec- 
tive sheeting at the spot of about 5 m from ttie tenminal of the unwound roll was measured according to the reflective 
40 performance measurement method described in JIS Z-91 1 7. Angle conditions used were the conditions of an observa- 
tion angle of 0.2» and an incident angle of 5^ and the conditions of an observation angle of 0.2'* and an inckJenl anale 
of40^ 



(4) Vividness of color 

The resultant retroreflective sheeting was unvwxjnd, and the hue of the retroref lective sheeting at the spot of about 
5 m from the terminal of the unvwound roll was measured according to the measurement of color described in JIS Z- 
9117. and the hue was determined by tiie L*. a* and b* color specification system, and the vividness of color was 
calculated according to the following calculation equation. 



55 



Vividness of color = VL*^ + a*^ + b*^ 
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(5) Lowering ratio of retroreflective performance afta- Weathering test 

The resultant retroreflective sheeting was unwound, and the retroreflective sheeting at the spot of about 5 m from 
the terminal of the unwound roll was cut into 50 mm x 50 mm, the silicone-treated polyethylene terephthalate peeling 
film was peeled off, and the resultant retroreflective sheeting was stuck on an aluminum panel. The resultant stuck 
sample was placed in an accelerated weatherometer (produced by Atlas Chemical Industries. Inc., Xenon Weatherom- 
eter Type-Ci35A. black panel temperature SOt 3''C. spray cyde 18 minutes in 120 rronutes). and subjected to a 1.000 
hours accelerated weathering test. Thereafter, the stuck sample was taken out, and subjected to a heat shock cycle test 
using a heat shock cycle tester (produced by TABAI ESPEC CORP.. Heat Shock Chantjer TSR-63). 

As to heat shock cycles, the following condition was made to be 1 cyde, and a 200 cydes test was conducted. 

Heat shock cycle condition: 

-40*C X 30 min room temperature x 15 min ^ 145'C x 30 min room tenperature x 15 min 

Retroreflective performance (angle conditions: observation angle 0.2'*, inddent angle 5'*) was measured on the 
stuck sample after the heat shock cyde test, and compared with the retroreflective performance of the spedmen before 
the tests, and the lowering ratio after the weathering tests was calculated according to the following calculafion equation 

Retroreflective performance lowering ratio (%) 
after weathering tests 

Ret roref 1 ecti ve perf o rmance 
after the tests 

= — rr——, ) X 100 

Ret roref 1 ecti ve perf o rmance 

before the tests 



(6) Peeling of protective film after weathering tests 

After the weathering test by the same accelerated weathering test and the heat shock cyde test as described above 
were conducted, the part where the binding wall binding the protective film to the support film was destroyed, vras 
measured, at the site wrhere destruction of maximum length from the edge was made, and the measured lengtti was 
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defined as protective film peeling. 
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1 . A method for producing relroref lective sheeting, which comprises embedding glass beads substantially in a mon- 
olayer in a temporary support at least one surface of which is composed of a thermoplastic resin in such a manner 
that at least part of each bead is embedded in the thermoplastic resin; forming a vapor^leposited metal film on the 
surface in which the glass beads were embedded; superposing thereon a thermoformaWe support film; pressing 
the resultant superposed matter under heating to embed the vapor-deposited metal film portion of each of the glass 
beads in the support film; and peeling the temporary support from the superposed matter in such a manner that 
the glass beads remain in the support film; and. if necessary, superposing a light-transmittable protective film on 
the exposed glass beads of the resultant si^ort film in which the glass beads are embedded and partially thermally 
deforming the support film to form a large number of sealed, small compartment cells, between the support film and 
the light-transmittable protective film, surrounded by a continuous, linear wall which binds both these films, said 
method being characterized in that a thin fOm containing a coupling agert is previously formed on the vapor^ieposited 
metal film on the temporary support in which the glass beads are embedded and on which the vapor^eposited 
metal film is then formed, and then the support film is superposed thereon. 

2. Tlie method according to claim 1 wfherein the coupling agent is at least one coupling agent selected from the group 
consisting of a silane coupling agent, a titanate coupling agent, an aluminum coupling agent and a zircoaluminate 
coupling agent. 

3. The method according to daim 2 wherein the silane coupling agent is a conpound represented by the general 
formula 



-R^ -Si-X^ 
n 



(I) 

Wherein Xi represents a hydrolyzaWe group. Yi represents an organic functional group reacting with an organic 
matrix. 2i represents a nonhytfrolyzable group. W is a single bond or an alkylene group, preferably an n-propylene 
group, and n is 2 or 3. 

4. The method according to daim 2 wherein the titanate coupling agent is a conpound represented by the general 
formula 

^p-'n-Y2(4.p) (II) 

wherein X2 represents a hydrolyzaWe groip. Yz represents an organic groip having affinity for or reactivity with an 

organic matrix, and p is 0.5 to 2. 

or a compounds represented by the general formula 



: (4 -m) 



X3-Ti 



OH 



p-zi 



(III) 



wherein X3 represents a hydrolyzable group. Y3 represents an organic groip having affinity for or reactivity vnth an 
organic matrix, zz represents an atoxy group, a sutjstitutecl alkoxy group, an aryloxy groip, an arall<yloxy group, 
or a haloalkoxy group or a haloarytoxy group, and m is 0 to 4. 
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5. "me method according to claim 2 wherein the aluminum coupling agent a compounds represented by the general 
formula 



V o-c^ 

wherein represents a hydroxyl group or a hydrolyzaWe group, Y4 represents an organic group having affinity for 
or reactivity with an organic matrix, Z3 represents an alkyi group, an aryl group or the like. represents an alkyi 
group, an alkoxy group or an alkenyloxy group, or a substituted amino group, and q is 0.5 to 2. 

6. The method according to claim 2 wherein the zircoaluminate coupling agent is a compounds represented by the 
general formula 

HO^ 

\0H 



wherein Ys represents an organic group having affinity for or reactivity with an organic matrix, and R2 represents a 
single tx)nd or an alkylene group of Ci to Ci8. 

7. The method according to claim 2 wherein the coupling agent is a silane coupling agent 

8. The method according to daim 7 wherein the silane coupling agent is selected from the group consisting off 3- 
chloropropyttrimethoxysilane. 3-methacryloylQxyprDpyttrimelhoxysilane, 3-glycidQxypropyltrimethoxysilane, 3-mer- 
captopropyltrimelhoxysilane. 3-aminopropyltrlmethoxysilane. N-methyl-3-aminopropyltrimethoxysilane, N-(2nami- 
noethyI)-3-aminopropyltrimethoxysilane. N-[2-(N-2-aminoethyl)aminoethylI-3-aminopropyttrimethQxysilane, 3- 
ureidopropyltrimethoxysilane, N-phenyl-3-aminopropytlrimethQxysilane, 3-(4.5-dihydroimidazolyl)propyltrimethQx- 
ysilane, 3-aminopropyttris(2-melhoxy-2-ethoxyethaxy)silane, N-(2-aminoethyl)-3-aminopropylmethyldimelhoxysi- 
lane. 3-chloropropylmethyldimethoxysilane, 3-melhacryloytoxypropylmethyWimethoxysilane. 3- 
mercaptopropylmethyldimethoxysilane. 3-glycidoxypropylmethyldimethoxysilane. 3-chloropropylmethyldielhoxysi- 
lane. 3-aminopropylmethyldiethQ)cysilane. 2-(3.4-epaxycyclohexyl)ethyltrimethoxysilane, vinyftrimethoxysilane. 
vinyltriethoxysilane. S-chtoropropyltriethoxysilane. 3-mercaptopropyltriethoxysilane, 3-aminopropyltriethoxysilane! 
3-ureidopropyltriethQxysilane. S^yanopropyltriethoxysilane. vinyltris(2-methoxyethoxy)silane. vinyttriacetoxysilane! 
vinyltrichlorosilane. 3-chbropropylmethyldichlorosilane. octadecyl[3H(trimethoxysilyl)propyO ammonium chloride 
and N-I2-(N-vinylbenzyl)aminoethyl]-3-aminopropyltrimethoxysilane hydrochloride. 

9. The method according to claim 1 wherein the thin film containing the coupling agent is one containing 0.01 to 20 
weight parts off a resin per 100 weight parts of the coining agent. 

10. The method according to claim 1 wherein the thin film containing the coupling agent is one containing 0.05 to 15 
weight parts of a resin per 100 weight parts of the coupling agent. 

1 1 . The method according to claim 9 wherein the resin is at least one resin selected from the group consisting of an 
acrylic resin, a polyester resin, a polyurelhane resin and a fluorine-containing resin. 

12. The method according to daim 1 wherein the average thickness of the thin film containing the couolina aaent Is 
O.OItoSji. H y a 
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13. TTie method according to claim 1 wtierein the average thickness of the thin film containing the coupling agent is 
0.05 to 3 ji. 

14. The method according to daim 1 wherein the thin film containing the coupling agent is formed by applying liquid 
matter containing the coupling agent. 

15. The method accofding to claim 14 wherein the viscosity of the liquid matter is in the range of 1 to 1 ,000 cR 

16. Retroreflective sheeting produced by the method according to claim 1 . 
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FIG. I 
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FIG. 2 
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